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ABSTRACT

The research reported contributes to the understanding of communi-
cation system performance wWith Thai speech, a tonal language having
phonemic values in vowel duration and aspiretion. Research results are
attained by constructing a 250-word Thai intelligibility test in five
gimilar 50-word forms, Laboratory system simulations and a standard
military radio systewm are used to compare English and Thai word intelli-
gibility under identical communication conditions. The raesearch indi-
cates that Thai speech transmission does not imply unusual systom re-
quirements. Thal intelligibility seems to depend on factors different
from those in English, and further ressarch is required to establish the

nature of these factors.
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1 INTRODUCTION

The most commonly empluyed procedure for the evaluation of speech
communicatlon systems for particular applications has been based on how
well a gliven system transmits intelligible speech under speclfic opera-
¢ional conditions. Whille considerations of bandwldth requirements, ef-
fective range, etc. are ot great importance, these consideraticns are

secondary to 1nteiligible speech iransmission.

One task of the SEA CORE effort in Thalland has placed speclsl em-
phasis on the commuanilcations requirements in Southeast Asla and on the
evaluation of existing systems with respect to satisfylng these requira-
ments. ‘vhe speclfic objectives of Task I, Sub-Task 4, of the Stanford
Research Institute effort in the SEA CORE project were (1) to determine
the limitations imposed on communication systems by Thal speach, and
(2) to determine the capabilities of certaln 7¢‘ce communications systems
to transmit intelligible Thal speech as compared to their capabilities
to transmit English speech.

In order to determine 1f spcken Thal imposed any significant hin-
drance to voice communication over radio systems, or 1f Thai posed
requirements tor speclally designed equipment, it was necessary to de-
velop some means of quantifying the 1ntelligibili£y of recelved Thal,
Moreover. the wsssage utilized in such a testing procedure should pos-

sesas certain known and specifiublie cheracterlstics.

Efferts toward evaluating speech communication devices in the United
States over the past 25 or more years have resulted in concepts and

methodologlies for intelligibility testin,g,.l’z'a’4

Obviously, the most
straightforward approach to evalaating communication-system implications
of Thel speech was to develop intelligibility testing techniques for
spoken Thal. While procedural guidelines for English intelligibility

are well established, there were no known tests that wera directly ap-
plicable vo Thal. Generation of the required télt instrument was neces-
sarily based on an understanding of the phonology or aound system of
spoken stendard Thai. The essential phonological characteristics of Thei

are presented in the follawing section.
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I PHONOLOGY OF STANDARD THAI

Standard Thai (Siamese) is the national spoken language of Thailund.
It is characlerisiic of the dialect spoken in Bangkok, énd te a large
extent it is he dialect of rhe entire Central Plain Region of Tkailund.
Thai has some status as a second language in neighboring cruntrres. The
actual number of native speankers has been conservatively estimeted at

18,000,000.5

The phonology of Thal differs from that of English in several im-
portant ways, Among the marked differences are:

(1) The phonemic nature of aspiration in Thei

(2) 'The phonemic use 0f vowel duration

(3) The use of five phonemic tones.

The segmental phonemes ¢f Thai ire presented below in the system and
notation of Heas:

6
CONSONANTS

Stops Bilabial Dental Palatel Velar Glottal
Voiced unaspirated /bu/ /d/ /-g/*+
Voiceless Unaspirated /p=/ /t-/ /c~/ /k=/ /?/
Veciceless aspirated /ph-/ /th-/ /ch-/ /kh-/
Sgirants .
Voiceless unaspirated /i=/ /8=’ /h=/
Sonorants
Voiced semivowels /w/ /37
Voized rasals /m/ /n/ /m/
Voiced lateral /1-/
Voiced trill or retroflex /r-/

* {4 number of linguists maiutain that this phoneme is unvoiced, /-k/.
See Abramson, Arthus 8., "The Vowels and Tones of Standard Thai:
Acoustical measurements and experiments," Int. J, Am. Linguistics, 28,
V=146 (1932).

The /~/ indicates the position of the phcneme in the syllable; e.g.,
/-g/ oceurs only in the terminal position and /p-/ occurs in the
initial position. Absence of the dash indicates that the phoneme may
ke either initial or f£inal in the syllable.

2
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VOWELS6
Fremy Central Back
Unrounded Rounded
High /17,7187, /1a/ /vl /yy/,/ya/ v/, /w/, /ua/
Mid A /3’;3 /a/, /lea/ /9o/,/00/
Lov le/ fes/ /a/,/a0/ /al,/30/

Owing to allophonic variations, *he precise quality of the vowels
may change atmewhat, espacieslly in conn.cted discourse. For exarnle,

/1/ muy be i}, but often is [I]; /i1/ is almost always (i:].
’ TONES

Additional distinctive uttersa.ucess are generated in Thai by the use
of five phonsaiz tones. The tones are schematically represented below
in teims of s general d;splay of the pitch of the volice as a function
ot time. The vertical line represents the normal pltch range of the
speaking voice. The horizental or semidiagonal lines indicate the pitch
centour during the production of a vowel on a given_tone. For example,
é vowel produced on the middle tone is produced with a relatively stabie
pitch Za the lower third ¢l the pitch range. A vowel in falling tone is
begun in the upper half of the pitch range and then falls tu a very low
level. Tonal contrasts are relative, and the patterns presented here

#re only intended to indicate the general pitch contours associated with

the tones.
SCHEMATIC REPRESENTATION OF TONES OF THAI6
_lé:}.ddle Low Felling High Rising
(]
P
L -




In addition to the five phonenic tones, there is a sixth tone of
emphasis that may be imposed on any of the basic tones. The emphatic
tone 1s pronounced at a slightly higher pitch than the corresponding
normal tone. The emphatic tone may perhaps be better considered as an
auxillary prosodic feature that may be imposed on any one of the five

phonemic tones to denote the specific exclamatory nature of the utterance.

PERMITTED INITIAL CONSONANT CLUSTERS6

/p/ /t/ /k/ /ph/ /th/ /kh/
av /pl/ /kl/ /phl/ - /khl/
v/ /pr/ /tr/* /kr/ /phr/ /thr/* /khr/
/v/ /kw/ /khw/

The structure of Thai is cuch that each syllable begins with a con~
sonant ¢r consonant cluster. Syllable termination may be with a vowel,
vowel cluster, nasal, cff-glide /w/ and .j/, or one of four stop conso-
nants: /o/, /d/, /k/ (or the tinal /g/, as Haas6 maintains), and the
/?/. When the syllable terminates wit! a vowel or vowel cluster, it is
necessary to remember that the vowel or vowe. nucleus will have an as-

suciated phonemic tcune,

This brief summary of Thai phonology, with emphasis on segmental
phonemes and the f’ -2 phonemic tones, provides a background for the dis-

cussion of test constru~tion which follows.

* /tr/ and /thr/ occur very rarely in Thal. Indeed, the cccurrence of
/thr/ way be limited to one instance.®




111 THAI INTELLIGIBILITY TESTS

A. TEST IORMATS

it was noted in an earlier paragraph that noveral different tests
c¢r Englieir intelligibility have been daveloped in the Uniitad States.
Perhaps the berst known of these tests are (1) tha PAL PB-SO's;1 (2) CID -
W~22's;2 (3) the multiple~choice test of speech intelligibility;3 (4) the
Fairbanks Rhyme Test;4 (5) the CNC tests;7 end (6) the Modified Rhyme
Test.g Each ol the above tests 1s purported to measure speech intelli-
gibility, although the tests may not result in equivalent suores.9 As
a result, each test may have & particular characteristic thet jakes it

especially valuable for a specific spplication,

Because English intelligibility tests do not produce equivalent
scores, and because no one test has been universally adopted for all ap-
plicaticns, there was not a single test format after which’'to model the
Thal intelligibllity test. Therefore. the developed test format for the
Thai intélligibility test possesses some characteristics of several of
the previously noted testa. The primary characteristics are:

(1) Stimulus items are monosyllabic words. ‘

(2) Each of the five forms of the test is composed of
50 stimuli.

(3) Each form approximates the phoremic balance of spoken
standard Thai.

(4) Each stimulus item is a frequently occurring Thai word
and is highly familiar,

(6) Responses to stimull are written on prepared test lorms
by the iisteners.

(3) The total test vocabulary is 250 words (5 forms x 50 words).

It &8 obvious that the format of the Thai intelligibiiity test 1is
quite similar to that of the phonet.cally balanced word lists in English,
Owing to the general lack of previous informatio: on the perception of
Thail, 1t seemed advisable to develop a test structure that would accom-

modate the phenemic features of Thai und yet be structurally simiiar to



teats in English., 8Similarity to English tests was desirable in order
to compare English intelligibility functions with those of Thai. This

comparison must of necessity be a tentative one, owing to the lack of
data on the perception of Thai. Moreover, tha2 relationship of word in-
telligibility to the effectiveness of communication (sentence ov message

intelligibility) in Thai remains open for investigation, It is likely

that the penalties for misundersianding a word in Thai are different
from those in English. These important areas of investigation were be-

yond the sccpe of the present study.

Because Thal is basically monosyllabic in structure and permits
considerable latitude in segmental selection within the monosyllabic
unit, it appeared that a rhonemically balanced word formut was appropri-

ate.

1, Determination of Frequency of Occu:sirence of Thal Phonemes

In order to construct a phonemically balenced word list to serve as

a stimulus item for the test, it was first necessary to have the basic

count of frequency of occurrence of Tha! phonemes (both segmental and

tonal) us they occur in spoken standard (Bangkok) Thai. There was no
evidence that a previous count of the frequency of occurrence of phonemes
in spoken Thai had been made. Therefore, an early step in the conduct

of this research program was to make such a count.

The process of determining the frequency cf occurrence of phoiemes
in a language poses scme very real problems for which there are no wholly
satisfactory solutions. The frecuency-of-occurrence statistics resulting
from any particular count will depend on the material selected for analy-
sis and how well that material represents a "typical' sample of the spuken
language as used by all users of the languaga. It is obvious that no
moderately sized sample is likely to be totally representative of the
spoken language as employed by all users of a particular dialect. As a
result, most phoneme counts are more or less biased by the nature of the

materials selected for analysis.
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One procedure which partially circumvents this problem is to base
the phoneme count on an analysis of the most frequently occurring words
in a language. The supposition is that the phonemic ztrings making up
most frequently occurring words will provide a relatively unbiased basils
for determining the frequency of occurrence of the various phonemes, This
assumption 18 only partially valid, inasmuch as the source material for
the word count will substantially influence the rank orders of the varlous
words in the language. The effects are theoretically still present at

the phonemic level.

Another problem arises in selecting a procedure for determining
the phoremic elements in a word or utterance. If the analysis is based
on recordings of actual utterances by native speakers, it will result
in data which reflect idiosyncratic uses, i.e., various kinds of assimi-
lations and unstressing phenomena that occur in continuous discourse.
¥hile the above factors may be considers 'contaminating” influences, they

are, indeed, part of everyday conversational speech,

Another approach is to analyze each word as uttered in citation
manner, or to utilire a phonemic transcription as it appears in a pro-
nouncing dictionary, which presumably represcnts the most common pro-
nunciations used by the educated speskers of a dialect. Because speech
communications are seldom if ever conducted in citation manner, this

procedurc is somewhat less than ideal.

For purposes of the investigation reported herein, it was decided
to baée the phonemic analysis ¢f selected words cn the standard Thail
pronunclations reported by Haas.6 The decision was based on two factors.
First, the time and expense involved in getting and tramnscribing the
utterances of meny Bangkok Thai 3peakers would have baen excessive, with
little assurance that the final analysis would be substantially superior
to that resulting from the proced.re employed. Second, because monosyl-
labic words were used as stimulusg items, it was likely that they would
be uttered in essentially citation form, even if couched in a carrier
phrase. A stimulus item in a neutral carrier phrase tends to meintain
much of its full stressed value. In view of these considerations, the
Phonemic transcriptions nf Haas seemed adequate and appropriate.

7
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The selectinn of appropriate material for phonemic analysis posed
a more difficult problem. An earlier exploratery effort was simed at
determining the frequency of occurrence of Thaoi vhonemes in a selected
military vocabulary. The rationale was that since the SEA CORE project
was focused on military communications, a vocebulary of military terms
would be most appropriate. While the rationale may be theoreticaily
sound, it does not take full cognizance of the structure and etymology
of Thai words. For example, one could expect a military vocabulary to
have a number of entries dealing with weapons or guns, and the Thail
equivalent would be likely to contain the stem /pyvyn/. This syllsble
forms part of the Thai word for pistol, rifle, ~r*illery, bullet, etc.
Similarly, acts assoclated with embarking, flying, disembarkiug, etc.
from an airplane, and the noun itself, contain the element /khrya bin/.
The syllable /rod/ is likely to occur in the Thal expression for any
motorized means of ground transportation and for many acts associated

with this means of travel.

The result of basing a frequency-of-occurrence count ¢n a speclal-
ized vocabulary is that certain phonemes will have an unusually high
frequency of occurrence, owing to thelr role in certain elements used in
compounding. In essence, the frequency-of-occurrence count displays a
strong bies characteristic of military speech, but it may not be repre-

sentative of the phonemic occurrences in the language in general.

A more appropriate approach is to determine the frequency-of-
occurrence count of phonemes from some sample that is more representative
of the language. In the present study, two approaches were used. The
f.rst source was a list published by McFarlandlo of the 1000 mcst com-

monly used words in Thai. This count was based on over 150,000 words as

they appeared in general Thal literary works. The 1000 wost frequently

ugsed words were transcribed into phonemic symbolization (the aystem of

Haasa), and a frequency of occurrence count for the phonemes was determined,
The McFarland 1ist of the 1000 most oftenly used words could not be

considered as strongly representative of coversational or spoken Thai,
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An analysis of the word list revealed that many literary, elegant, and
elaborate expressions were included, While such expressions undoubtedly

appear frequencly in the Thai literature, they are not typical of con-

versational speech,

A second vocabulary was obtained and transcribed Phonemically., This
word 1ist, "Thai Word Lists - I, 3 il was obtained from the Bangkok
office of the British Chaaber of Commerce. The vocabulary is made up of
approximately 1800 words

'...choren for their frequency and usefulness...”.
Although the selection procedures used in the compilation of the basic Thati
vocabulary could not be determined, it was assumed that the vocabulary

more closely approximated conversational Thai than did the McFarland list.

A Thei resident in Bangkok was engaged to review botn word iists
and to provide an opinion as to the familiarity of the words. The Thai
informant maintained that all words in the Thai word list were, indeed,
in common everyday usage. To the contrary, a number of words from the
McFarland list were not in his vocabulary; and the informant, who is the

headmaster of a school in Bangkok, can be zonsidered ag a rather well-
educated individual.

Figure 1 shows a comparison of the rank orderinge of Thai phonemes
for the HcFarland,lo Thai word liats,11 and a military vocabulnry.12 The -
phuneme order on the e“scissa was derived from the McFurland count. The
agreement betwoen the McFarland ord. ring end that obtained from the Thei
word list is rather high. The military vocabulary produced e phongme

ordexing that was obvicusly difforent from either of the others.

Because the agreement between the McFarland list und the Thai word
list was reasonably good, a decision was made to use the McFarland list
as a basis for calculatine the frsgusncy of occurrence of the various
phonemes in the test lists. The justification for this decision was that
the McFarland list was based o a large sample of Thai words (167,546
words from 30 sources), and therefore the original sample could be bLatter

specified than either of the other two counts. Moreover, the vocabulary
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based on a large sample produced substantially the same phoneme ordering

as did the smaller yet highly familiar word list.

The analysis of the _is‘ribution of phoneme types and the syllable
structure of the McFarland lList of the 1000 mcst frequentiy used words
provided the following desuriptive observations:

(1) There were 3534 scgmentai phonemes in the 1000 words,
with s mean of 3.5+ phonemes per entry.

(2) There were 367 monosyllabic words in the list, with a
mean of 2.8 segmentals per entry.

(3) The distribution of tones within the 1000 words was:

Mid -=- 560 or 44%

Low --=- 238 or 18.7%
Falling =--- 193 or 15.1%
High --- 155 or 12.2%
Rising --- 124 or 2.7%

(4) The rank ordering of segmental phonenes is contained
in Figure 1.

2. Description of Test Items

It was pointed out earlier that the intelligibility tedt was to be
designed around five forims or word lists of 50 words éach. The analysis
of the McFarland list provided a basis for statistically determining the
segmental and tone composition or distribution of each of the 50-item
word lists. Obviously, it would be highly unlikely that actual and
familiar words could be found which would completely satisfy the sta-
tistical requirements, nonetheless, the statistical description served

as a guideline for constructing the word lists.

11
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The guidelines developed called for the following distribution of

segmental phonemes and tones for each 50-item word list:

Consonants {( currencex Vowel Nuclei (Occurrences "ones*
ber 50 wovrds) per 50 words)
ns 1l a=13 Mid tone = 15
k=8 aa = 10 Low tone = 11
n=71 o=3 Falling tone = 12
- =7 oo = 3 High tone = 7
d= 7 i=3 Rising tone = §
J=86 il=2
r=26 U= 2
s =4 ge = 1
l=4 ua = 1
b= 4 s =1
kh = 4 uu = 1
ph = 3 ya = 1
th =3 00 = 1
w=3 e =1
? =3 ee = 1
t=3 0 =1
¢h = 2 99 = ]
pP=2 y=1
cl= 2 e=1
h=1 J¥y =1
f=1 0 =1

The above tabulation served am a guide for conatructing the five
lists of phonemically balanced words. This guideline suggests & statis-
tical ideal for a 50-item 1list. It was not posaible to satisfy the re-
quirements of the "ideal" or optimum in zach of thc lists; however, the
balance in each of the lists did correspond reasonably well with the

Phoneme distribution ouiiined above,

The »ctual words used as stimulus items were selected from the
Braine-Hartnell basic Thai vocabulary.11 Words were chosen from this
source because of the greater familiarity of the words. It was pointed
out earlier that the basic Thai vocabulary is made up of quite common,
frequently used words. High word familiarity is considered desirable in

a test of this k:l.nd.2

'

* Tone frequency of occurrence reported heri was based on the ccunt of
monosyllabic words in the McFarland list. 10

12
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B, TEST CONDITIONS
After the test items I .¢ been selected thoy were submitied to a

panel of three instructors of Thai from the Defense Language Institute

PO o T

of Monterey for approval and comment. The instructors, all originaily
from Bangkok, agreed that the word liatr were sppropriate monosyllabic
words of high familiarity. (The word lists are given in Appendix & )

1, Speakers and Recording Conditicns

The instructors then served as speakers while master <ecordings
were made of the test forms, During the recording session, two instruc-
tors monitored the recorded reading of the third speaker. If an item
was not pronounced acceptably, thé speaker was requested to repeat the
item, After the recording session the speaker listened to his own ro-
cording and rated the acceptability of the items. The end product of
the recording and monitoring sessiona was & master recorcding of each of
the threa speakers as he read each or the five forms of the intelligi-
bility test,

The recordings were made under carefully contrslled conditions,
The speaker was seated in a double-walled Industrial Acoustics Corpo-
ration 1202A sound room. Stimulus intervals of five s&conds were cued
by a timing light attached to the microphone boom, The recording micro-
phone, Omega condenser, was fed into an Ampex console tape recorder,
Model 351. A signal-to-noise ratio (S/N) in excess of 48 dB was achieved

on the master tape recordings.

The S/N figures quoted in this report were arithmetically derived
from physical measures of signal-plus-noise and noise in the absence of
signai. HKere the "signal" value ia the mean peak intensity of the stimu-
lus words-in a list or collection of lists as obssrved cn a Hewlett-
Packard 409-L VIVM. Devietions from the mean value of peak intsnsity

é . wese less than or equal to 2 dB for Pnglish stimuli and 4 ¢B foyr Thai

stimuli, when measured in the clear or master tape recordings.

A first-generation dub of the master recording was prepared for

tost adminigtration, Various randomizations were prepsrsd for each of

the recordings produced by each of the three upeskors. Firstégeneration

13 |
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dubs were used throughout the test development and evaluation investiga-
tion. The master recordings were carefully stored in NETIC metal con-
tainers and were used only in the preparation of dubs. The randomized

versions of the recordings of the three sprakers were then cast into

|
!
|

matrices for presentation to listeners. The purpose of the initial tests
was to select one of the three speskors for use during the course of the

entire test program.

It is generally agreerd that a large number of speakers should be
employed in intelligibilitv testing, although in reality this seldom

occurs. Because of tke time limitations and the basic nature of the re-

o

search in progress it was deemed more advisable to employ only one speak-

er. The preceuent for using oue speaker is well eatablished.a'4

2. Test Facllity

A decision had been made earlier in the projact to attempt to do
most of the test development and svaluation a# SRI, Menlo Park, rather
than in the Bangkok facility. The decision was Lazed on the avallability
of Thais in the Menlo Park area and the desirahility of performing the

EI bulk of the work under carefully controlled condi<ions availeble in the
Menlo Park facllity. Moreover, it uppsared that a greater amount of
| useful data could be obtaired by maintaining the major portion of the
é project direction and effort at Menlo iark.
é 3. Listensrs

Citizena of Thajland were recruited from the foreign student popu-
lation in the S&n Francisco Bay area {o servs as listensrs. A total of J
16 listeners were employed during the course of the testing program.
All 16 had lived all or par:t o/ thelr iives in Bangkok and spuke the
standard Bangkok dialect, All listeners were screzsaned for hearing im-
pa}rments, and no impairmente were found. The liisteners were paid for

thelr services. Both male and femule listeners were employed.

4. Test Procedure

The listaners were instructed in the general neture of their lis-

g LA

tening task and the appropriate mode of response. They were requested

to wrlte in Thal the stimulus word uttered by thes speaker, They were

14
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.

~utioned to listen carefully and (o "guess!' if they were not entirely

3 ain. "™ s lipteners were presentec with sample lists :nu were adminia-
L

-

v’ saversl training lists,

b

Test tapes for the three spsakers were prepared with S8/N of -6, 0,
+6, and +12 dB, and with rJ noise sdded. Test administration was to two
groups ~f four and one group of eight listeners. Th- results indicated
few differences among the three speakers across the five forms of the
intelligil1lity test. However, speaker 2 produced slightly more homo-
geneous test responses and sv was se;ected a8 the speaker for the major

pertion of the test development and evaluation.

C. ANALYSIS OF RESULTS
Figure 2a displays the mean intelligibility scores cbtained from the
16 listeners for the lists recorded by speaker 2. The ordinate is per=-

cent correct intelligibility and the ahscissa is 8/N.

For the puiposss of comparison, Figure 2b is included. This figure
shows mean intelligibility scores obtained from !8 listeners and one
speaker for a recently developad test of intelligibility in English.8
Data points are similer, and it can be 3een that there is considerable

similarity botween the magnitudes and shapes .. the intelligibility

curves. '

The data plotted in Figure 2a imply that the f ve forms of the
intelligibility test are not equivalent, that statistical d° wrences do
exist. However, the range of scures is similar to that obtained when
different forms of English intelligibility tests sre conparsd.l? Table I
summerizes the resulcs of a three-way analysis of variance of the obtzined
test scores. Significant F-ratics were obtained for test forms, S/N
retios, subject and test form interaction, and condition and t&nt form
interaction. This is to say that observed differenccs in test scores

between forms cannot be attributed to chance factors and that in i .t

there are "real" differences among scores obtained for various 8/N ratios

15 e




ags well as among scores obtained with different forms, subjects, and con-

ditions. The significant difference< for various 8/N racios simply re-
flect the desirable differentiation between communication systems of
differing qualities; significant differences associated with test forms
suggest that further development is necessary hefore the forms can be

regarded as "equivalent test forms."

>

=

§ 100 ' %

: .

s S0

5

g 80

8 70

§ -12 -6 0 +6 +12 "QUIET"

S/N—dB

FIG. 2(a)  CORRECT THAI WORD INTELLIGIBILITY FOR FIVE FORMS
OF THAI INTELLIGIBIL.TY TESTS AS A FUNCTION OF
S/N RATIO
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FIG. 2(b)  INTELLIGIBILITY AS A FUNCTION OF $/N RATIO FOR
MODIFIED RHYME VEST

( Adapted from A.S, House et al .)
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Table I

ANALYSIS OF VARIANCE FOR
THAI INTELLIGIBILITY TEST FORMS

ar u.s. F

Subjects (8) 14 81,56 -

Test Form (1) 4 782.78 13.19 P £0.001
S/N Ratio (C) 3 3982.84 304.73 P £0.001
SxC a2 13.07 1.23

SxT 56 21.44 2.02 P<0.01
CxT 12 167.02 15.77 P £0.001
§xCxT 168 10.59

Total 299

Table Il shows the average percent correct response for 15 listeners
and ieg arranged ac~ording tc tes: form and S/N level of presentation.
This table displeys some of the relaticnships which are generally expec-
ted to exist among intelligibility srores obtained under conditions of
reducad S/N., Sp2cifically, the mean intelligibility score is substan-

tially reduced and the standard deviation (8D) of the mean is cousider-

ably incrcased.

Again, for general comparative purposes, data fror ‘e House et 31.8
study are presented in Table III for direct comparison with the data ob-
tained in this investigation. It must be noted, however, that the :lata
are not directly comparable in S/N ratios and tes£ formats. The House
test is a multiple-cholce test (essentially a six-alternative, forcec-
~hoice test), and smaller variances can be expected to characterize the

scores from a limited response matrix.

It car be seen frcom Table III that similarities exist between the
data derived from these two investigations. The table is not intended
to specify a definite relationship between Thai and English intelligi-
bility or to suggest that similar intelligibility fuactions for the two
languages will be obtained under identical conditions., Data to be pre-

sented laver in this report suggest that this is not the case. The

18
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romparison provided by Table III demonstrutes only that inteliigibility

dea S
vidd WM

5 Thal and English decreased with a reduction in $/N ratio.

P,  EFFECTS OF FILTERING OM INTELLIGIBILITY

At this point in the research program considersble date had been
aollected and analyzed on the intelligibility of Thai under verious
8 N conditions. While precise comparabiiity between the obtained Thai
Bctres 5! those reported for English intelligibility could not be es~
tavlished, it was apparent from inspection that some similarities might
exist, end that additional investigations should be initimted to sxzplore
the range of similarity. At this point a brief series of tests was cori-
ducted in which the objective was to determine the effects of filtering
on Thail intelligibility. Although the tests conducted were not eshaus=-
tive, they did provide some insight into the effects of frequeicy filter-
ing on the intelligibility of Thai speech.

The tests were administered under six conditions; high-pass filter~
ing, with increasing cut-off frequencies of 1.2, 2.0, end 2.9 kc; low-pass
filtering, with decreasing cut-off frequencies of 1.2, 0.2, and 0.7 kec.
The frequency response of the reproducing equipment was agproximately 40 -
15,000 cps between the 3 dB-down points. The six fiitering conditions
(including the reproducer characteristics) were equivalent to the follow-
ing band-pase specifications; 1.2 - 15 ke, 2.9 - 15 ke, 2.9 - 18 ke,

4% - 1200 cps, 40 - 900 cps, and 40 - 700 cps. The tentr wera conducted
tn "quiet;"” i.e., no noise was added to the test signull All five forms
of the Thai intelligibility tec. were administered to ¢ight of the origi-
nal Thai listeners (listeners obteined ia the Bay Ares). 1In interprecing
the results cof this set of experiments it should be remembered thzt these
ligtenexrs were vary well trained and had besn exposed to the test foris
numerous times., Of course, varicus randomnizations of the test forms were

employed in the expsriments,

Racordings of the intelligibility test were passed “hreugh two
cascaded Allisen filters \dodel 2AB), which were sot at the auvproprigte
cut-off frequencies. The cut-off frequencies and the roll-off character-

istics of the filters were verified by exomining the output of the filters

20
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with a Bruel uad Kjmer spectrum analyzer. Cut-off frequency control is

varicbhle with the Alliszon filter and thus could be adjustcd until the
precise value desired wes obtained. The roll-off characteristic of the
palr of cascaded filters was approximately 72 dB per octave beyond the
cut-off freguency. The output of the filter bank was recorded or an
Ampex 35) recorder, and the reccrded filtered speech was then presented
to the listeners. A summary of the results obtained is presented in

Figure 3.

The solild curves plotted in Fig. 3 show the obtained mean intelli-
glbility scures for the six conditions of high~ and low-pass filtering.
The dashed curves are similexr data on English W-22 PB's (200-word

vocabulary) as reported by Hirsh, Reynclds, and Joseph.14 An extension

of the Thal high=-pass curve would seem to intersect the low-pass curve

at aboui 1,0 kc, although this intersection was not actually determined.

This intersection. or ''cross-over" point, determines the cut-off frequency

2%t which high- &nd low-pass filters would transmit word lists at the same

level of intelligibility. Note that data on W-22's suggest an inter-
1

section at about 1700 cps and 90% intelligibility; Fronch and Stelnberg, S

using nonsense syllables, rcported intersection at 1.9 kc.
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1V ENGLISH-THAI COMPARATIVE INTELLIGIRILITY TESTS

A. INTRODUCTION

At this point in the research program g request16 was received from
the contracting agency to conduct a specific series of tests in which
English and Thai intelligibility were to be compared. (See Appendix B
for a copy of the text of the request.) The raquest was motivated by
the preliminary findings of this resesrch, which had indicated a relative-
ly high degree of similarity between Thsi and English intelligibility
test scores under comparable S/N conditions. The directive from the COTR
was received in late November 1964, end effort was initiated in regr_nse
to the directive almost immediately.

Test tapes were prepared in accordance with the specifications con-
tained in the directive for administration to Thal listeners. The tape

preparation was completed during the first we k of December 1964,

The tests and results reported herein were incorporated in s larger

test program that was designed to:

(1) Compare English and Thai intelligibillty over various
system configurations

(2) Compare intelligibility scoures cbtained Irom native
(residents of Bangkok) speakers of Thai and scores
obtained from the Thai population (primarily forei-n
stuaents) uvailable at SRI, Menlo Park

(3) To obtain additional data on the performance of the
developed Thai intelligibility test-=-particulariy with
a different and unexpcsed Thai population.

The tesi results reported herein were obtained in Bangkok
December 11-18) and Menlo Park (December 26 - January 26). The results
are based on the scores produced by three populations: Bangkok Thsi,

U.S. Thai, and native speakers of American English,

B,  PROCEDURE

Master tapes were prepared for both the Tiai and the English in-
telligibility tests. The tests were recorded under laboratory cenditions
on an Ampex 351 recorder. One spesker for each language was employed,
The master recordings had a S/N ratio of over 45 dB. Sta.ulus it.sms were

recorded at five-seccnd intervals and were judged by both the speaker
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and a panel of at least two native sseakersy of the lang:iage in question,
Th.l or English. Unacceptable items were re-recorded until judged accept-
able by the pesnel. Various randomizations of the word lists ware dubbad
from tl.e master recordings. The dubbed recordings were used for pre-

sentation to the listener crews.

C. TEST FORMATS
1. Thai Intelligibility Test
The Thal intelligibility test has been described in S8ection Ill of

this report. In the present tests, all five forms were employed. The
intelligibility scores reported in the following secticn are means for

all lists and &ll listeners.

2, English Intelligibility Test
A numper of different kinds of English intelligibility tests exist,

and any one of them could have been andministered in this test progresm.
However, in order tc provide the greatest theoretical comparability, the
Central Institute for the Deaf (CID) Auditory Test W-22 wag used.2 This
test nas been used extensively in intelligibility research and possesses
many of the characteristics of the Thal test. épecifically, the test
vocabulary is made up of highly familiar'monosyllabic words. Each

50-word list approximates the frequency of occurrence of the phonemes in
American English. The various word lists are purpofted to produce equiv- -
alent intelligibility scores. Stimulus items ars typically presented in

a carrier phrase; in the present experiments the carrier phrese was,

"

"You will write the word

D, TEST CONDITIONS

1. Listaeners

The response of the followiag three groups of listeners are pre-
sented 1in this study.

(1) Ten members of the Royal Thal military services served
as listeners for the tests administered in Bangkok.

(2) Five to seven native speakers of Thai, now residing in
tbhe Menlo Park area, participated in the tests. These
listeners assisted in earlier tests during the develop-
ment of the Thai intelligibilicy test. They are upeakers
of Bangkok Thal and citizens of Thailard.
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{3) Ton ycung male adults recruited from the student popu-
lation at Stanford University served as subjects for
the English intelligibility testsd,

All listeners were glven an audiometric screening test to detect
any hearing impairments in the so-called speech frequency range. One

subject in Bangkok was rejected because of impaired hearing.

2, Test Facilities

The tests in Bangkok were conducted in a mobile van located at the
T-van complex. The van was situated as far away from the power source
(generators) as was practical., Test cenditions were far from ideal,
owing to the limited space within the van and the gereral discomfort at-
tributable to the lack of air conditioning. Horeover, matched headphones

were not availuble in Bangkok.

All tests conducted at Menlo Park were administered in a heavily
sound-treated test chamber (IAC single-walled unit). The headphones

were all of the sume type and model numbver (Sharpe, HA-10).

E. RESULTS

The results obtained in the test program are presented in tabular
i-rm according to test conditions, as specified in the referenced direc-
tive.16 All test conditions specified in the directive were achieved
with but minor deviation. (See Figures 4, 5, 6, for & schematic repre-
sentation of the systems employed.) The greatest deviction from speci-
fications was in Condition B, which called for 80 dB attenuation of a
200-cps band betwsen 1175 and 1375 c¢ps (zee parzgraph 3b of Appendix B).
Attenuation of 8C d3 for such @& narrcw band wes not possible with the
avallable electronic filters; we were able, however, to attenuate the
200-cps band in excess of 42 dB. Intelligibility differences between
the specified and the obtained attenuation can bs expected to be mininmal,

if measureable.

1, Condition A

Conditica A of the directive called for: 'Comparison of Thei and
English intelligiLility when passed through a bandpase of 2.1 kc at 6 dB
down, 4.2 kc at €0 dB down (shape factor: 2/1) with center frequency of
1350 cycles."16 (See Figure 4.)

- 25




DR a0 S S R RO s . 00N s WSttt

- F N tn

Jogpuoyy Bugaesay

NOILVINO!IENOD V NOILIGNOD

¥ "Oid

AT R P RN SHOMESR MRS 3

-

*2ADYO0/Gp Z/ Ajespmixo:ddD BoNDNLSLD ‘521242 OgE| Adenbasy Jasuad fumop gP 09

1D 3% Z*y ‘umop P 9 §0 2 | *Z jO ssodpung SaLias Ut saagjy UosH |y oML (£)

"spuSwaInsDMW /N + § woy payndwod ‘gp O pUD ‘9 + ‘ZL + IN/S {Z)
“3% §1-0Z "9 | 5 Frvodsas Aousnbayy Liexnu 5o pesr. cwo-aud YSOWEIW 11y

F C o e
_ 1-00r s §0Z O -Sor
a0 Ego
WALA WALA astoN i
GAVAIVE LITIMIH ¥V LITIMIH ¥I1AVIS-NOSYIO
ﬂvts_izz\z; ojuow N/ +S §
{ Papua,
Spoyy PIEITG apow 2094014
oy - 110 avzZ 177w V2 - D IPOW | Z-01 -3
j 1SE et < ¥ o
| sapsesay 59414 WGNO Y+ N+§ | WY - g omdg | 1apiooy
: aenv | NOSITIV b - HSOINIW 11 65 X3dWv
i ® )




- - v.tbwn _
NOILVINOIINOD 8§ NOILNOD € “Oid 3
. ,\M-
*(sapado SLEL-SL41L “ou)
27 09 Aymowncoadde uorosnualD ‘sajado gz Asuanbasy ssqued
's31345 9Bz 30 wondeles Asuanbiuy b0 495 19zA|DUD Aousnbasy saoly g jonag (y)
*$91342 A, 5 0 0 sSodpung seuIeE Ul s uSEy|Y omg (g}
SPIMURINTODN N/ + § woul pagndwod ‘gp O pus ‘9 4 *Z; NS ()
" S1~0Z 'GP | ¥ arvodsas Aouarbayy Laxiw se pasn duo-aud o oupow (1)
10g100my Buipsoday ; . ]
“20C  D-9SSy
T = 00v 1 - 00 JOIDIUDE)
WALA WALA PSI0p] WOPUDY ”
13.1‘.(; LINMaH < AUYADIVA L13IMIH 431AVIS-NOSYED
Jopuony N /N + S B sopuow N /N 4 S
Pepaooay
poiy passay * BT ~ |9pow POW P04AD|q
e’ Yok i B sazhjouy , VZ 19Pow ¥Z - O - 19PowW ¥ ovion Z-01~ud
.Lﬂw& I Asusnbasy s34y a0 ¥+ | dwy - aug omeig | 13pacoay
YXEIWY _ ¥V P 1anie i NOSITY _ - N+S HSOLINIPW 1 joub's XAdWY

) e @ )




NOUWVIMOIZNOD @ ANV D NOWIGNOD 9 “9Old

TEUOLIPUOD §S2) ||D Ul PISN DM Pusqg-aps saddn ayl - woydasaes

10 1ucyy Bapsoday Aouanhauj-34o g5S ejmurs of 19pI0 Uy 58124 5| 5 PaKIY 8%, ow Adusnbay owpro W
1 - oov 404} OF JBAIEI0) JSNIPO OF PIRN JBUNOD PUD JOJD|[1750 CIPND PIDNIDYG HIMSL S 8yON ]
WALA 59124 gen| Aduanbasy 12jued funcp gp 09 w

QEVAIVY LITTMIH 40 2% Z°p ‘umop gp § 40 2 | §0 ssodpuny sauas ur siag|ty uesi|y omj () i

“$91242 001£-00€ 1 modovnq dayy wcanly (2) "
pasouow N /N +$ *IY G1-0Z ‘GP | F @suodsiu Lousnbauy Luxiw s pasn oW (1) _
: |
apoyy piooay (910w 995) (s10u 935) 1 -00r 20z - S5v & {
Mooaj - |10 €zzs 102 o o < “
meu - 1agunoy 1040)|13%5Q) otpny WALA es10N wopuUDy |
AIAWY QIVIOVE LLITMIH QYVAIVd .r_.w.:sm:_ _M¢<xU(m LITTMIH Joq1uop 1’30(5: NOSVED m
S s N/N+§
_ n apowy y20qholg
Ve i9pow — | - 851 19POW e~ WMN IPOW ) M SVT APON e ¥Z = D I19poW ﬂﬂ_oz Z-01l -4
s34 [ A0y IDIWS0. | = ¥ g indingy | dwy - 3ug 0IS | 19pI0IIY
NOSITIY SNIMTIOD SNITIOD NSV ¥4+ HSOLNIPW 7 |oubig AWV

© MV . @ NS E




Listeners 8/N = +12 +b 0

U.S. Thei (mean % correct) 82.1 79.7 64.8
Bangkok Thai 74 .4 71.6 54.3

(Mean Thai intell,) (76.9) (74.3; (57.8)
English intelligibility 55.2 45.1 35.5
Difference in mean

intelligibility 21.7 29.2 22.3

2. Condition B

Condition B of the directivs called for: 'Compavison of Thai and

English intellig«bility when passed through & bandpass of 300-3100 cycles
(standard telephone circuit) with a 200-cycla segment between 1175.to

1375 cycles attonuated 80 dB." % (8ee Figure 5 )

Listeners 8/N = +12 +6 0
U.S. Thai (mean % correct) 94.9 89.2 85.4
Bangkok Thai 88.¢ 81.4 75.2
{Mean Thai intell,) (00.9} (84.0) (78.6)
English intelligibility 66.5 57.8 48.6
Difference in mean

intelligibility 24.4 26,2 30.0

3. Condition C

Cordition C of the directive called ror: "Comparison of Thel and
English intelligibility when passa2d through a bandpass 69 2.1 k¢ et 6 dB
down, 4 ”? kc at 60 dB down (shape factor 2:1) with center irequency of
1350 cycles and all audio frequencies shifted +150 crcles. Condition

similar to off-frequency reception of a SSB signal."16 (See Figure 6.)

Listene.s 8/N = +12 +6 0

U.S, Thai (mean % correct) 76.9 76.6 61.0
Bangkok Thai 67.4 65.8 46.6

(Mean Thai intell.) (71.3) (70.2) (52.5)
8vy1ish intelligibility 56,2 40.0 31.7
Diifavence in mean .

inte. " {gibility 15.1 30.2 20.8
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4, Condition D

Condition D called for: '"Repeat test 3c “Condition C) but v h

e

cudio frequencies shifted -150 cycleu."16 (See Figure 6.)
Listeners S/N = 412 +6 0
U.S, Thai (mean % correct) 82.9 79.9 65.4
Bangkok Thai 73.8 68.4 59.6
(Mean Thai iitell.) (76.8) (72.9) (61.5)
English intelligihility 58.8 47.3 37.1

Difference in mean
intelligibility 18.0 25.6 24.4

F.  SUMMARY AND COMMENTS

A compurison of Thal and Englisha intelligibility was made over four
ryastem configurations at three S/N ratios., The obtained intelligibility
scoreg are presented as mean percentage correct responses to the stimulus
items. Under the test conditions employed in tinis investigation, the Thal
intelligibility scores were higher than the English 1nte1i151b111ty scores,
A reduction of 8/N was accompanied by an expected reduction in intelli-
gibility. The attenuated intelligibility scores as a function of reduced
8/Y retios characterized bcth Thai and English.

In the interpretation of the above data, certain consideraticns
sheuld be kep: in mind.

(1) The correspondenc2 of Thai word intelligibility to

English word intelligibility has not been fully de-
termined.

(2)° The relationship of Thai word intelligibility to the
intelligibility of connected discourse is un* aown.

(3) The English intelligibility scores are perha,. some-
what lower than might be expected. However, there
are no data o suggest that the obtained English
scores should have beeon higher than the obtained Thail
scores.15,17,18,19 [Ixperiments reported ir the follow-
ing section provide a comparison with anot'er test of
English intelligibility.
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(4) The observed differences hetween U.S. Thal and Bangkok
Thal scores, while not large, may be attributed to a
number of factors: f{a) the two populations of listeners
are different; {(b) test conditicns in Bangkok were less
desirable than in Menlo Park; and (c) the Menio Park
listeners were more familiar with the test and conse-
quently did not show an equivalent amount of learning.
Some evidence that the latter factior was important was
obtained during the test program. (ondition C at +12
S/N wes the first series of tests aaminlstered to the
Bangkok Thai listeners after the practice lists. The
obtained mean score was 67.4 percent as compared with
the mean score of 76.9 percent for the U.S, Thai lis-
teners. The same test series was administered tp the
Bangkok Thai liateners after the completion of the
scheduled tests. The obtained mean score was 77.4 per~
cent, which compeves quite favorsbly with the obtained
U.8, Thal score of 76.9 percent.

While data in this research cannot unequivocslly establish that Thai

spseck is more resistant to distortion than English speech, they do¢ sug-
gest this tendency. Additional resecarch reported in subsequeit sections

tends to support this obsexrvation.

The observed differences between Thal end English intelligibility
for the identical system configuretions shown in Figures 4, 5, and 6 sug-
gested that the attenusted scores for English might be attributable to
the particular test (W-22) used in the comparison. In crder to be more
confident that the observed difference was not an artifact, o second set
of English intelligibility tests were administered. In this test program

the PB—50'&2 were employed as stimulus items.

Recordings of the PB-50 word lists (one male speaker) were played
through the same system configurations shown in Figures 4, 5, &nd 6 and
at the s, me S/N rstics outlined in Conditions A through D. The processed

tapas were 2dministered to six adult male listeners,

JFigure 7{a), (b), (¢c), and (d) summarize the rgsults obtained in the
form of historgrams. Data for Thal intelligibility are the mean scores
cutained in the earlier tests for both groups of “hai listeners (See

Section E). Mean scores for the W-22 word lists sre also incluced.
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Figure 7(a), (b), (¢), uad id) present dats that support the earlier ch-
gervation that Thal tends to be more resistant to digtortion than

English. This tendency is more marked at the lower S/N ratiocs., Under
Condition B, with a 200-cycle noteh from 1175 to 1375 cps, English in-
telligibility was essentinlly the same az Thal intelligibility for 5/N
ratiog of +12 and +6 dB. English intelligibility dropped well below Thai
at U S/N,

in gereral, the PB-60 test produced higher intelligibility scores
than the W-22 test, The exception to this tendency occurred in Condi-
tion D, The dowaward shift in frequency of 150 cps obviously affected
the speech of the two speakers differently. The shift severely reduced
the intalligibility of the speeker recording the W-22 list. It is in-
tereasting to note that the PB-50 words were recorded Ly a speaker with
a rather low hahitual pitch, whereas the speaker who recorded the W-22

ligsts used a scmewhat higher pitch.

in summary, the wmessured Thal intelligibility was cousistently
higher thar English intelligibility, as dotermined by two diffsrent tests
of English inteliigibility for the sume S/N ratios. The differences were
more marked as the S/N waz raducad. The PB-50 test produced higher in=-
telligibility scores than the W-22 test, except when all audio frequencies
were shifted -150 cps, Thiy roversal i1s probably attributable to speaker

differences,
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V  ENGLISH-THAI INTELLIGIBILITY TESTS WITH FIELD EQUIPMENT

A, INTRODUCTION

The concluding test effort of the present contract period was the
evaluation of Thai intelligibility wher Thai was transmitted over actual
field equipment. The field equipment employved consisted of AN/PRC-10
radio transceivers. The purpose of this experiment was to compare the
performance of the SRI-developed Thal intelligibility test with existing
English intelligibility tests when the signal was processed by the radio
transcelvers. The selected Engiish intelligibility tests were the
Central Institute of the Deaf W~22 word 1ists2 and the Fairbanks Rhyme
Test (RT).4

B. PROCEDURE
Magnetic tape recordings of the Thai intelligibility test and the
W-22 word lists used in the previous English-Thal intelligibility tests
(Section IV) were also used in this series of tests along with five
forms of the RT. The RT forms also were included in order to provide a
Jf‘.‘i\*\‘aheﬁgre of English word intelligibility in addition to the W-22 woxd
lists; all five forms of the RT were used for each test condition.

Figure 8 shows the test setup. The master test tapes were trans-
mitted from an RF screenroom in a laboratory environment. The PRC-10's
were connected with RG 58 C/U coaxial cablo. Variable attenuator pads
placed in the line and were adjusted to yield "good," "marginal," and
"poor'" transmission conditons. The receiver noise obtained in this
manner approximated the transmission noise conditions obtained in the
field by means of various transceiver geographic separations. The speech
signal variabilities for the Thai intelligibility, W-22 and RT tests
were t4 dB, and t2 dB, respectively.

Figure 9 shows the modifications made on the H-33/PT handset in
order to couple magnetic tape inputs and outputs to the PRC-10 trans-
ceivers. These transcelivers are portable low-power (0.9 watt), frequency-
modulated radios which can be pack-mounted or installed in vehicles
to provide voice coimunication over short distances (3 *to 12 miles),

depending on terrain, antenna used and other propagation and operational
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FIG. 9 TRANSCEIVER INPUT-OUTPUT SCHEMATIC DIAGRAM
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variables. The frequency enploved for this test series was 40 mc.

Transmission a! 50 mc was investigated but was eliminated becruse it was
found to he equivalent to the 40-mc operating frequency under the pre-

vaiiing tost conditions, and there was considerabie RF interfeionce at

the higher frequency.
30 feet.

The transcelvers were separatsd by a distance cof

C. RESULTS

Table IV shows the mean percentage intelliglbility and the standard

deviation (c) of the obtained performaen-e scores for the three transmis.-
sion conditions investigated. Figure 13 is a histogram of the purform-

ance scores. Under "good" and "marginai' conditions, the Lest scorea ob-

e i U

tained using the W=22 word lists were approximately 5 percent lower than

those obtalned using the RT und Thai intelilgitility teats. The Thati

[
=
=

inteliigibllity test scores were considerably higheor than the English
intelligibility scores under the "poor" transmission condition. This
finding is in agreement with the date presented in earlier sections of

this report; i.e., Thal intelligibility is less affocted under adverse
communication conditions.

The data obtained during this series of Lests 18 consistent with the

patterning of results from the previous experiments undertalen in Sub-Task 4

(Sections IT and III). This test series concluded a set of Thai and Engluish

intelligibility evaluations which included (1) laboratory tests, {(2) tests

using simulated field equipment, and ¢3) tests using actual field equip-
ment .
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Table IV
THAY-ENGLISH INTELLIGIBILITY TEST SCORES

FOR THRER TRANSCEIVER COMDITIONS

Mean Scores gnd Standard Deviatioa (o) in %

*
Condition
Listeners Test Good(l) HMarginal(2) Poor(3)
U.S8. Thai | Thai Mean 68.5 37.3 29.8
Intellig. o l.6 12.0 13.6
Fairbanks Mean 29,3 3.7 7.4
University | RT ) G 1.5 7.3 5.5
Students |y 2 Mean 94.3 20,1 1.4
o 2.8 18.6 4.8

* Conditions

(2) S/N cpproximately + 3 dB audi9 ocutput and converted

(1) S/N approximately +37 dB } As mesasured at the receilver
(3) S/N approximately - 6 dB from (5 + N)/N meter readings.
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vVl SUMMARY AND CONCLUSIONS

The objective of Sub-l1agk 4 was to determine the communication-

system lmplications of Thal speech,

vith particular reference to any

de: ‘gn charges in fleld equipment which might be necessary in order to

transmit and receive iatelligible Thai speech.

The criterion of accep-

table intelligibility was developed by comparing Thai inteliigibility io

English intelligibiiity. The research effort was conducted in the fol-
lowing phdses: |

(1)

é’; _;gr"

(2)

3)

? )

5)

(61

M

(8)

The phorological characteristics of thne Thai language
were determined and compared to Englic.i. Three major
phonological diff{erences were noted: (a) the tone
phonemes, (b} the phonemi: nature of vowel duration,
and (c) the phonemic characteristic ol aspiration --

all of the zbove are characteristic of Thal and not
English,

In order to develop a test of intelligibility for Thati,
it was necessary to deterrivie the frequency of occur-
rence of the various phonemzs. Various word lisis were
transcribed into phonemic notation. and the frequencies
of occurrences were deternined.

A test vocabulary of 250 words wars selected from common

Thal words and srranged in five phonemically similar
test forms.

Three different recordings of the test items were made
by native speakers of Bungkck Thai. One master record-
ing was selected for continued use in the test program,
Numerous randomizations of the test forms were gener-
ated for the continuing effort,.

Prepared test tapes were rndministered to Thai listeners
at Menlo Park under selected laboratory conditioms.
The test signals were submitted to precisely determined

amounts of distortion, e.g., reduced §/N and froquency
filtering.

A series of tests were conducted to compare Thai and
English intelligibility over simulated and real communi-

cation systems. The Thal tests were conducted bpboth at
Menlo Park and Bangkok.

Additionai tests of English intelligibility were con-

ducted Lo clarify and support the findings of the
previcus series of tests.

Finaily, Thai and English intelligibility scores were

obtained lor speech slgnals processed by standard
military transceivers.
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(9} The scores produced by the developed test of Thai in-
telligibility were compared with scores obtained using
three different tests of English intelligibility under
identical conditions.

The above phases of this research effort provide a basis for the
following observations. These conclusion. w~hich are subject to the
limitations oi the dercigns and methodologies employed, appear justified
on the basis of the data obtained during the execution of Sub-Task 4.

(1) A useful Thai intelligibility test has been developed.
The intelligibility curves generated by this test dis-
play similarities to English intelligibility curves
obtained under like corditions.

(2) All of the data obtained in this investigation indicate
thut Thal word intelligibility is less affected by the
reduction of 8/N and/or frequency distcrtion than
English word intelligibility. However, word intelli-
gibility scores do nut imply sliarle relations between
Thai and English transmitted over equipment used in
normal conversation and field operation; more resear-h
is required to establish differential effects of syn~-
tactical constraints within the two languages.

(3) The Thal intelligibility test, in its present state of
development, requlres that the same forms be adminis-
tered under each experimental condition. While the
mean scores produced by each of the forms do not differ
greatly in magnitude, the differences are statistically
significant. Additional research will be required to
make the five forms more equivalent.

(4) Certain theories iray be offered to explain ihe greater
intelligibility of Thal under adverse communication
conditions. Perhaps the most logical explanation is
that Thai intelligibility is moure dependent on the
vowels than the consonants--just the opposite of English,
Consonant choices are fewer in Thai than in English,
and it is generally accepted that consonants are less
intelligible than vowels under conditions of signal
distortion.

The research carried out during the current contract period has
succer led in demonstrating that Thai specech does not pose unusual communi-
cation systsms requirements. Thal intelligibility appears to depend on
a somewhat different set of factors than those applicabie to English.

However, the exact determination of these factors must remasin as the

objectiyv: of iurther research in this area.
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APPENDIX A

THA: INTELLIGIBILITY TEST FOHMS
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Test #1
much 26,
can 27,
more than 28,
this 29,
broken 30,
may 31,
from 32,
to look at 33,
if 34,
1 (polite form) 35,
to return 3e,
but 3.
to be ended 38,
to enter 39,
corner 40,
still 41,
to see 42,
to go 43,
sir 44,
and 45,
wrong 46,
work 47,
together 48,
who 49,
cootor 50,

RANDOM FORM

48
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wi%? direct
{nToy

an
M
U
It
R} e
Lan
(n
89
o
T
5U
14

v
(3]

geame—s

any

face

dcy

to join

the

on

mohey

thing

to bite
éggﬁfﬁﬁlﬁg English
gear

mouth

set

I (to inferiors)
fire

hecause

to discontinue
two

self

namely

heart

to fight

shop

to set up

'to have




RN, W

10.
11,
12,
13,
la,
15,
16,
17.
18.
i9,

40U

egg
no
with

quiet

(used in requents)

to turn around

by
some
to know

part

with each oihe

car
meaf

to eat

to teach
reain

list

to inject
yill

to call
low

with, by,

(classifier for boats)

to hope

authorize

RANDOM FORM

26,
27,

28,
29.

39.

4C,

tﬂu
17|
Ny

wo

Y

=a_
i

o
WEY

v
4119
Ny
Lnoe

|}
Tﬂq

y al/]

ldﬂu .

tu

it

v
ey

to be

tc lead
afraid
enough
chlild
other

to walk
to polish
old

middle

imperative particle

nf command
to end

to buy
at

hard

to construct
to pass through

imperative word

open

male person

below

friond

smile

in order to

roocm
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RANDOM FORM
Test 3 |

1, ’9!'\"', to distribute 26, [uﬁuu the same &as

2, L‘.(.!I‘J surface 27, ony day, hour

3. 1294 noun forming particle 28, HW good luck

4, ?:’t to curse 29. tnYa salt

5. un to Lind togother 30, 2N envelope

6. Lan one 31, U woman

7. o to arrive at 32,.' l?w') | only one

8. in to love 33, 1y to mix

9. £l to remember 34, 13; not !
| 10. bl to receive 35, M7 atfairs

il '.L!:. old 36, H’;‘ué such as

2, e‘.\; st;xpiq 37, ﬁ year . k

13, W't or 38, lu wood

14, H madam 39, t:‘\ cloth

15, W3 head 40, ;u joint

16, -ﬂ’ﬂﬂ to take off 41, 'li; to put

17. :Tmf truth 42, ;'N side

18, W to listen to 43, ‘;”l to say

19,  f@n to think a4, - this

20, 7% element 45, ‘Iﬂi who

21, f;‘i to send 46, 5 person

[} .

22, it that's it 47, $u genersl classifier

2, 5"“ house 48, # to blame

24, 4y’ down 49, lnu . far

25, 5‘“ tongue 50, MU bage
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3 5.
0.
7.
8,
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12,
13,

19,
20,
21,
"22,
23.
24,
25,

i, 1

.y

o
Loy
£y
Lh
17U
dun
]
78y
1
(181}
iie!
4
E1ie

wdan

Yo
Twu
Tnu

|1

e
J!

1
LNa
1

iy

RANDOM FORM

story

time

to be accustomed to

to ask someone
something

to wake someone
around

mother

teapot

name

strange

he, she, they
to arrange

to enquire

to wipe

expert

to order

shade

often

where

to collide with
to come

water

apply

cause

paison

49

Test 4

26,
27,

28,
29,
20,
3l,
32,
33,
34,
35,
36,
37.
18,
39,
40,
41,
42,
43,
44,
45,
46,
47,
48,,
49,
50,

Y]
wan

ine
Y
4
(1]
U

1

Te

i D2

ugu

wan

gl

2P =»ge= ¢ 2k Oy -—t -
= o [~ bl - o 2
Lo =

ATy
o
Ly

rice
to slip
to kick
aasy

to sign

you

B0Mme

to plough

to investigate
how many
occasion

to lie down
stake

more

long

wife

farm

general classifier
{o put on
cupboard

to call

money

complete

until

month
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Raitbdad

T e L

10,

15,
16,
17,
18,

19,

(37

23 %

e
naY
Tin
v
Loy

relatives
sky

good

to repeat
bad

to cut
land
equal
color

to light

word

to entertainl

long (tims)
please
o'cleck
property
full

to cancel
light, soft

column

to bore (a hole)

part
before
please

thresad

RANDOM FORM

Test /5

31,

32,

33.

39.
40,
41,
42,
43,
44,
45,
46,
47,
48,
49,
50,

80

Uiv

U1

‘4
)

Tuy

w7
a

Len

8

friend

¢0 urge on
to cover
Just now
woma I

to estimate
you

parc

in

ought tc
back

a few. minutes
Baht'

to drink
iuck

to admire
rice flelds
strong
prefix
when

you
question word
file

améll

huagry
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U.S. Army Electronics Laboratories
Contracting Offlcer's Technical Representative
C/0 OSD/ARPA R&D Fielc Unit, JUSMAG
APO 14¢, San Francisco, Celifornia

In reply refer to:
AMSEL-RD-NR/4-Bkk 12 November 1964

SUBJECT: Sub-Task 4, Task I, Contract DA 36-039-AMC-00040(E)
To: Senlor Representative
Stanford Research Instituie
Bangkok, Thailand
1., References:

a. AMSEL-RD-NR/4-Bkk 1ltr dated 8 Juiy 1964 Subject as abhove.

b, RDFU MEMO FOR COTR dated 6 July 1964, Incl to Ref la,
Subject: ''Communications Systems Implications of Thai Speech."

<. SRI Memo to COTR dated 13 October 1964 Subject: 'Progress
Report, Sub-Task 4, Task I."

d. SRI Monthly Letter Report #25 dated 2 November 1964
Contract DA 36-039-AMC-00040(E).

2. In view of the findings indicated in relerence 1d that 'Thai
intelligibilit; is remarkably similar to English intelligibility unde:
conditions of S+N/N," it is felt by this office and by the RDFU that
sore immediate tests are warranted to determine if further extensive
testing should be conducted.

HNE TWITTTER AL ot ETn

3. It is directed that the following tests be conducted immediately:

a. Ccuparison of Thal and English intelligibility when passed
through a bandpecs of 2.1 kc at 6 db down, 4.2 k-~ at 60 db down (Shape
factor: 2/1) with center frequency of 1350 cycles;

g -

b. Comparison of Thai and English intelligibility when passed
through a bandpass of 300-3100 cycles (Standard telephore circuit) with
a 200-cycle segment between 1175 to 1375 cycles attenuated 80 db:

¢. Comparison of Thei and English intelligibility when passed
through a bandpess of 2.1 ke at 6 db down, 4.2 kc at 60 db down (Shape
factor 2:1) with center frequenzy 0f ot 1350 cycles and all audio fre-
quencles shifted +130 cycles. Conditions similar to off-frequency re-
ception of a SSB signal;

d. Repeat test 3c but with audio frequencies shifted -150
! cycles,
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4. All of the above tests should be performed with the original
audio circuits bandpassed at 300-3100 cycles, +1 db and with S+N/N of

0, 6 2nd +12 éb. The results of these tests are desired by 31 Dec
1964,

5. This letter is subjsct to the understanding thut it does not
authorize any change in estimated contract cost, fixad fee, quantity,
quality, in delivery schedule, nor in the estimated cost, fixed fse,
unit price or total contract price of any sub-contract, and that no
action taken by you thereunder will result in any such change.

Kenneth M, Irish, Jr.
Capt. Sig C
COTR, USAEL, Bangkok

Bo@o

AMSEL-RD-NR/4, Mr. H. Kitts
AMSEL-PP, Major W. Andrae
ARPA RDFU, Lt. Col. Scoggin

M JE

Receipt and ucceptance of the above change is hereby arknowledged.
The change authorized herein shall be accomplished and will not be used
as a basis for a claim for any increase in cost to the Government of the
equipment or services involved. Prompt notification of any decrease in
the costs shall be furnished to the Contracting Officer,

STANFORD RESEAKRCH INSTITUTE

By:
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